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Langerhans cells constitute a minor cell population 
within the mammalian epidermis. This paper defines 
these cells immunologically and functionally and sup-
ports the concept that Langerhans cells are closely re-
lated to cells from the monocyte-macrophage-histiocyte 
series. Both cell types bear surface receptors for Fc-LgG 
and C3 and express surface glycoproteins, termed La 
antigens, encoded for by immune-response genes (Ir 
genes) of the major histocompatibility complex of the 
species. The expression of La antigens by Langerhans 
cells and macrophages is intimately associated with im-
portant functions of both cell types, including the capac-
ity to present immunologically relevant antigen to the T 
lymphocyte and to cause proliferation to allogeneic T 
lymphocytes in mixed leukocyte reactions. 
One of the most intriguing problems in cellular immunology 
is the exploration of events taking place dUl'ing the recognition 
of protein antigens by T lymphocytes. A major step forward in 
deciphering the antigen-recognition process by T cells came 
from the finding that in vitro (and presumably in vivo) activa-
tion of most T lymphocyte responses to thymus-dependent 
antigens requires antigen presentation by macrophages. The 
epidermis is continupusly exposed to a wide variety of an~i~e?-s, 
some of which are known to elicit contact hypersenSItIVIty 
reactions. However, the mechanisms by which the epidermis 
interacts with these many antigenic challenges have not yet 
been carefully explored. 
In this report, we will present evidence that epidermal Lan-
gerhans cells (LCs; referred to eponymously after their discov-
erer, Paul Langerhans [1]) represent the only cell population 
known so far which can replace macrophages in their antigen-
presenting capacity and that this LC-Iymphocyte interaction 
(as well as the macrophage-lymphocyte interaction) is regulated 
by genes linked to the major histocompatibility complex (MHC) 
of the species. 
BACKGROUND 
The mammalian epidermis is a heterogeneous epithelium 
composed of 3 major cell types: the keratinocytes, which syn-
thesize structural proteins essential for the process of keratini-
zation; the melanocytes, which are derived from the neural 
crest and are concerned with the production and distribution of 
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melanin within the epidermis; and lastly, the LCs. Since LCs 
cannot be identified in skin sections stained with hematoxylin 
and eosin, special staining techniques are required for their 
visualization. For the light microscopical identification of LCs 
within the epidermis, the demonstration of a formalin-resistant 
and sulfhydryl-dependent ATPase is generally considered a 
reliable and LC-specific procedUl'e [reviewed in reference 2]. 
Birbeck, Breathnach, and Everall [3] established the criteria 
that permit identification of LCs at the ultrastructmal level 
and their distinction from other cell types. The criteria include 
a lobulated nucleus; a clear cytoplasm; the absence of tonofIla-
ments, desmosomes, premelanosomes, and melanosomes; and, 
most particularly, the presence of a trilaminar, rod-shaped 
cytoplasmic organelle with a central, linear striated 
density-the LC granule, whose origin and ultimate fate are 
still unknown. 
Opinions on the functional role of LCs were originally divided 
between 2 major lines of thought: one (Langerhans' position) 
that LCs perform neUl'al functions, the other that LCs ru'e the 
terminal stage in the life-cycle of previously active melanocytes. 
Histochemical and electron microscopic techniques yielded no 
support for the neUl'al theory, and the "effete melanocyte'" 
hypothesis was elegantly excluded by grafting experinlents per-
formed by Breathnach et al [4]. These authors transplanted 
limb buds of mouse embryos, which had been deprived of their 
neUl'al crest components, into the spleens of histocompatible 
animals, where they continued to grow. Melanocytes, nerve 
axons, and Schwann cells were consistently absent from these 
grafts, but LCs were present within both the epidermis and the 
subepidermal connective tissue. These results permit ted the 
conclusion that LCs do not belong to the melanocyte lineage. 
By contrast, substantial evidence, based on the widespread 
occurrence of LCs within the dermis, lymph nodes, and thymus 
and, pru'ticulru'ly, the obvious similarity or even exact resem-
blance between LCs and certain histiocytic cells in histiocytosis 
X, a proliferative histiocytic disease in man [reviewed in refer-
ence 2], accumulated that LCs ru'e of mesenchymal origin. 
Billingham and Silvers [5] and later Prunieras [6] hypothesized 
on a pill'ely speculative basis that LCs might perform immu-
nologic functions, i,e., that they might captUl'e antigenic mate-
rials and thus play a role in the primru'y response. It was not 
until the work of Silberberg, Baer, and Rosenthal [7] that some 
evidence for this hypothesis was presented. In allergic contact 
hypersensitivity, but not in primru'y irritant dermatitis, they 
observed an apposition of mononucleru' cells to LCs and damage 
to some LCs at sites of specific challenge to a variety of contact 
allergens. Such apposition was seen in actively sensitized pa-
tients and guinea pigs and also in passively sensitized guinea 
pigs. In addition, in passively sensitized guinea pigs, LCs were 
identified in dermal lymphatics and were said to be increased 
in number in the dermis after challenge with the contact 
allergen. Silberberg-Sinakin et al [8] proposed that LCs might 
pick up antigen in skin and from there circulate to draining 
lymph nodes and suggested that they might "exhibit" antigen 
to lymphocytes both in skin and in the lymph nodes. In keeping 
with these results were those of Shelley and Juhlin [9], who 
demonstrated that potentially sensitizing aldehydes, metals, 
and amines have a selective affinity for LCs. They suggested 
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that these cells form a reticuloepithelial trap for external con-
tact antigens. 
EXPRESSION OF SURFACE RECEPTORS ON LANGER-
HANS CELLS 
In order to obtain a more definitive answer to the question of 
whether or not LCs are actively involved in the immune re-
sponse, Stingl et al [10] tested the following working hypothesis: 
If LCs indeed fulfill immunologic functions, they might bear 
surface marker characteristics known to be expressed on cells 
with established immunologic functions, i.e., lymphocytes and 
macrophages [reviewed in reference 11]. These investigators 
isolated human epidermal cells from suction-blister-induced 
epidermal sheets by trypsinization procedures and exposed 
them to the following indicator reagents by using established 
techniques: 
Untreated sheep erythrocytes for the detection ofE receptors 
on T cells. 
IgG antibody-coated bovine erythrocytes (EA-IgG) for the 
detection of Fc-IgG receptors known to be expressed on mon-
ocytes, macro phages, B cells, L cells, and a subgroup of T cells. 
IgM antibody-coated bovine erythrocytes (EA-IgM) for the 
detection of Fc-IgM receptors occurring on a subpopulation of 
T cells and on B cells. 
IgM antibody and complement-coated bovine erythrocytes 
(EAC) for the detection of C3 receptors, which are found on B 
cells, monocytes, and macrophages. 
F(abh fragments of a rhodamine-labeled antihuman F(abh 
antibody for the detection of membrane-incorporated surface 
immunoglobulins on B cells. 
In repeated experiments, 3 to 4% of epidermal cells formed 
rosettes when reacted with either the EA-IgG or the EAC 
reagent, whereas none of the epidermal cells displayed detect-
able E receptors, Fc-IgM receptors, or surface immunoglobulins 
[10]. In steps designed to reveal the nature of epidermal cells 
expressing Fc-IgG and C3 receptors, the rosetted epidermal cell 
suspensions were incubated according to a modified Wachstein 
apd Meisel cytochemical technique for the demonstration of 
ATPase activity and finally were processed for electron micros-
copy. At the ultrastructural level, only the rosetted epidermal 
cells exhibited ATPase activity and the classic structure of LCs, 
including the typical granules. Nonrosetted epidermal cells 
proved to be either keratinocytes or melanocytes. These results 
therefore demonstrated that LCs represent the only epidermal 
subpopulation that expresses both Fc-IgG and C3 receptors. 
Comparing these surface marker characteristics with those on 
macrophages and lymphocytes (Table I), one is tempted to 
exclude the possibility of LCs being lymphocytic in nature since 
these cells neither express E receptors or surface immunoglob-
ulins nor do they morphologically resemble lymphocytes. De-
spite the only moderate phagocytic potential of LCs [reviewed 
in reference 2], there exist several similarities between them 
and cells from the macrophage-monocyte-histiocyte series; not 
only do they share in common Fc-IgG and C3 receptors but, as 
already mentioned, there is a similarity or identity between 
LCs and cells in histiocytosis X. Furthermore, cells in this 
proliferative disorder of histiocytes also bear Fc-IgG and C3 
receptors [12]. 
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These obvious similarities between LCs and macrophages 
encouraged us to investigate whether they also behave similarly 
at a functional level. To explain the approaches we have taken 
to examine this question, we will describe in more detail the 
functional role of macro phages in the immune response. 
ROLE OF MACROPHAGES IN THE INITIATION OF 
THE IMMUNE RESPONSE 
Macrophages are functionally involved in phagocytosis, im-
mune phagocytosis, and mediation of antibody-dependent cel-
lular cytotoxicity [reviewed in reference 13]. Recently they have 
been recognized to play an obligatory role in the initiation of T-
cell-dependent immune reactions. (This aspect of macrophage 
function is the subject of this review.) 
Macrophage Requirement for the Induction of Antigen-
Specific T Lymphocyte Proliferation 
It has been known for many years that several T-dependent 
immunologic phenomena, e.g., the induction of primary anti-
body formation in the mouse [14] and lymphocyte proliferation 
in man [15], require the presence of viable accessory cells. Most 
investigators agree that these accessory cells are adherent, 
radioresistant, phagocytic, alpha-naphtyl butyrate esterase-
positive, Fc-IgG- and C3-receptor-bearing cells, features which 
are characteristic for mononuclear phagocytes [reviewed in 
reference 13]. Some clue about how these accessory cells, i.e., 
macrophages, function in the elicitation of a T cell response 
came from studies in the mouse system [16] and in the guinea 
pig system [17,18]. This review focuses mainly on work done in 
the guinea pig system since the further investigations of LCs 
were also performed in guinea pigs. When column-purified T 
cells from guinea pigs iIhmunized to purified protein derivative 
(PPD) were cultured in the continuous presence of antigen \ 
(PPD)', no proliferation, i.e., DNA synthesis (expressed as the 
amount of 3H-thymidine uptake by the cells), OCCUlTed. How-
ever, when macrophages were added to these cultures, signifi-
cant T cell proliferation was observed. The kinetics of this 
reaction became clear in experiments in which either immune 
lymphocytes were briefly exposed to PPD, washed to remove 
unbound antigen, and cultured in the presence of macro phages, 
or macrophages were briefly pulsed with antigen, washed, and 
then incubated with the immune lymphocytes. In the former 
situation, no proliferative response ensued. By contrast, a 
marked T cell proliferation far in excess of that predicted when 
concentrations of antigen equivalent to that carried by the 
pulsed macro phages were added continuously to cultures of 
macrophages and lymphocytes [17] was observed in the latter 
situation. These experiments (a) demonstrated that the initial 
antigen-binding cells in lymphoid populations are macrophages, 
(b) excluded the possibility that macrophages function in this 
response only by maintaining cell viability, and (c) suggested 
that macro phages must play a decisive role in either the pro-
cessing or the effective presentation of immunologically active 
moieties to T lymphocytes. 
Macrophage-Lymphocyte Interaction 
Such interaction may occur either indirectly as the secretion 
of antigen complexed to soluble macrophage products cyto-
TABLE 1. Surface marker characteristics of human lymphocytes, macrophages, and Langerhans cells 
T lymphocytes 
E receptor 
Thymus specific antigens 
Rosette formation with 
Iymphoblastoid cell lines 
Measles virus receptor 
Fc-IgM receptor (50-60%) 
Fc-IgG receptor (10-20%) 
B lymphocytes 
Membrane-incorporated 
surface immunoglobulins 
B-cell-specific antigens 
Epstein-Barr virus receptor 
C3 receptor 
Fc-IgG receptor 
Fc-IgM receptor 
MHC-Iinked alloantigens 
Non·T and non·B 
lymphocytes 
Fc-IgG receptor 
C3 receptor (?) 
Monocytes and 
macrophages 
Fc-IgG receptor 
C3 receptor 
MHC-linked alloantigens 
Les 
Fc-IgG receptor 
C3 receptor 
MHC-linked alloantigens 
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philic for lymphocytes or directly as cell-to-cell interaction. 
With regard to the fIrst mechanism, evidence exists for gener-
ation of specifIc helper T cell activity in the mouse [16]. In the 
guinea pig, soluble macrophage products generating antigen-
specifIc lymphocyte proliferation have not been identified, but 
a 2-step process of physical interaction between macrophages 
and lymphocytes has been observed. The fU'st adherence reac-
tion occurs rapidly, is independent ,of the presence of antigen, 
and is without immunologic commitment. This binding is re-
versible and does not distinguish between T and B cells. When 
this step has brought specifIcally immune lymphocytes into 
apposition with antigen-bearing macrophages, a second type of 
binding between macro phages and lymphocytes occurs. This 
latter phenomenon is dependent on the presence of antigen, is 
not easily reversed, and eventuates in proliferation of the bound 
T lymphocyte [reviewed in reference 19]. Furthermore, evi-
dence has been presented that this macrophage-lymphocyte 
interaction is regulated and restricted by gene products linked 
to the MHC. The role MHC products play in the regulation of 
the interaction between immunocompetent cells is of such 
fundamental importance to an understanding of T-cell-me-
diated responsiveness that it now merits more detailed consid-
eration. 
Role of the Major Histocompatibility Complex in 
Macrophage-T Cell Interaction 
The idea that immune responsiveness and susceptibility to 
toxins, infectious agents, and allergic disease are influenced by 
hereditary factors is not new. In 1943, Scheibel [20] found that 
by selecting and inbreeding guinea pigs, he was able to develop 
good and poor diphtheria-antitoxin-producing strains of ani-
mals. In 1963, Kantor, Ojeda, and Benacerraf [21] reported that 
only some of the Hartley guinea pigs immunized with 2,4-
dinitrophenyl poly-L-Iysine copolymer (DNP-PLL), with 2,4-
dinitrophenyl glutamic acid lysine copolymer (DNP-GL), or 
with GL alone had immune responses (antibody production and 
development of delayed-type hypersensitivity) to these anti-
gens. Breeding studies in Hartley guinea pigs established that 
this ability to respond to DNP-PLL is under the control of a 
dominant autosomal gene [22], termed the PLL gene [23]. This 
PLL gene is found in all inbred, strain 2 guinea pigs and in a 
varying percentage of Hartley strain guinea pigs. In analogy, 
McDevitt and Sela [24] stated that the ability of mice to make 
antibodies to branched multichain synthetic polypeptide anti-
gens is genetically controlled by dominant autosomal genes 
linked to the H-2 locus [23]. Linkage between the immune 
response and the H-2 type of the animal was also investigated 
in guinea pigs by Ellman et al [25]; they demonstrated a linkage 
between the PLL gene and the locus controlling the major 
histocompatibility antigens in strain 2 guinea pigs by investi-
gating the PLL response in (2 X 13)FI X 13 backcross offsprings. 
When such animals were examined, one-half were j'esponders, 
as expected. To determine if these responder backcross off-
spring also possessed the major strain 2 H locus, Ellman et al 
used 2 approaches. First, they immunized strain 13 animals 
with strain 2 lymph node and spleen cells to produce a cytotoxic 
13-anti-2 antiserum and used this cytotoxic antiserum with 
complement in a 5lCr-release assay to detect the presence of 
strain 2 H antigens on the lymph node cells of the FI X 13 
backcross animals. Using this technique, they lysed only the 
cells from 9 backcross responder animals; they did not lyse cells 
from 9 backcross nonresponder animals. In the second ap-
proach, an in vitro mixed lymphocyte reaction (MLR) was 
performed using as cells to be stimulated lymph node cells from 
strain 13 animals that had been immunized with strain 2 cells. 
The celis from backcross animals were added. If these cells 
possessed strain 2 antigens, stimulation of proliferation of the 
strain 13 cells should have been observed. Results demonstrated 
that only those cells from responder backcross animals caused 
stimulation of strain 13 cells; cells from nonresponder animals 
failed to cause stimulation of strain 13 lymphocytes. In a similar 
fashion, Bluestein et al [26] showed that the gene (or genes) 
controlling responsiveness to the copolymer of L-glutamic acid 
and L-tyrosine (GT) is (are) linked to genes specifying MHC 
alloantigens of strain 13 animals. Thus, in 2 independent types 
of assays, the ability of an animal to mount an immune response 
to a given antigen was demonstrated to be under the control of 
autosomal dominant immune response (Ir) genes linked to the 
MHC of the species. 
To obtain information on the relationship between the Ir 
gene product and the histocompatibility antigens, sera were 
prepared by reciprocal immunization of strain 2 and strain 13 
guinea pigs with each other's lymphoid cells. These sera (2-anti 
13 and 13-anti 2) recognized glycoproteins on the membranes 
oflymphoid cells. One ofthe most striking observations pointing 
to the intimate association of Ir gene product function and 
these glycoproteins recognized by the alloantisera was that the 
T lymphocyte response of primed (2 X 13)FI guinea pigs to 
DNP-GL (controlled by genes linked to the MHC of strain 2 
animals) and to GT (controlled by genes linked to the MHC of 
strain 13 animals) was inhibited by the alloantisera in a haplo-
type-specific manner [27]. The T cells from (2 X 13)FI animals 
primed to DNP-GL and GT responded in the presence of 
normal guinea pig serum (NGPS) to both antigens, whereas a 
13-anti-2 serum specifIcally blocked the response of prinled FI 
T cells to DNP-GL but had no effect on the response to GT, 
and a 2-anti-13 antiserum inhibited the response of FI cells to 
GT but had little or no effect on the response to DNP-GL 
(Table II). These experiments demonstrated that these glyco-
proteins recognized by the alloantisera are identical to, or at 
least closely associated with, the Ir gene product. Consequently, 
these glycoproteins, which also were discovered in the mouse 
system by similar experimental approaches [28], were termed 
immune-response-associated antigens (Ia antigens). 
The guinea pig la antigens, which are selectively expressed 
on lymphoid cells, consist of 2 components, one of approxi- . 
mately 33,000 daltons and the other of approximately 25,000 
daltons. So far, in strain 2 animals la.2, la.4, la.5, and la.6 
specifIcities and in strain 13 animals la.l, la.3, la.5, la.6, and 
la.7 specifIcities have been identifIed. With regard to the cell 
type on which these antigens are expressed and their molecular 
size, guinea pig Ia antigens have been proved to be homologous 
to the Ia antigens of mice [29]. In further analogy to the mouse 
system, in the guinea pig another set of MHC alloantigens, 
termed B antigens, which seems to be analogous to the mouse 
H-2K and H-2D antigens [30], has been described. These B 
region antigens consist only of one chain with a molecular 
weight of 40,000 daltons. So far, B.l, B.2, B.3, and B.4 specifIc-
ities have been described by means of sera raised by cross-
immunization of outbred guinea pigs. Both strain 2 and strain 
13 guinea pigs possess the B.1 antigen and lack B.2, B.3, and 
B.4. The B region antigens seem to be expressed on all nucleated 
cells of the guinea pig. 
With regard to the aforementioned inhibitory effect of the 
alloantisera on the in vitro j-esponse of primed guinea pig T 
cells to antigen, it was initially assumed that the inhibitory 
activity was directed solely against the proliferating T cell. 
TABLE II. Effect of alloantisera on the T cell proliferative response 
of (2 X J3)FI guinea pigs to 2,4-dinitrophenyl glutamic acid lysine 
copolymer and the copolymer of L -glutamic acid and L-tyrosine 
Cells" incubated DNP-GLb GT' 
with response response 
anti-2 
anti-13 
NGPS 
± 
+++ 
+++ 
++ 
± 
++ 
"Macrophage-containing peritoneal exudate lymphocytes of (2 X 
I3)F I guinea pigs primed to DNP-GL and GT were incubated in the 
continuous presence of one of the antigens and of anti-2, anti-I3, or 
NGPS. T cell proliferative responses to DNP-GL and GT were assessed 
by determination of the increase in 3H-thymidine incorporation. 
b 2,4-dinitrophenyl glutamic acid lysine copolymer. 
C Copolymer of L-glutamic acid and L-tyrosine. 
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However, experiments demonstrating the critical role of the 
macrophage in antigen-induced T cell proliferation raised the 
possibility that the inhibitory effect of the alloantisera might 
be directed against both the macrophage and T cell or even 
solely against the macrophage. This possibility was further 
supported by studies from Rosenthal and Shevach [31]. They 
examined the capability of strain 2 and strain 13 macro phages 
to activate DNA synthesis in immune strain 2 and strain 13 
peritoneal exudate lymphocytes (PELs) by using antigens such 
as PPD or ovalbumin, the response to which is not under 
unigeneic control. Strain 2 antigen-pulsed macrophages acti-
vated DNA synthesis in immune strain 2 lymphocytes effec-
tively; the same macrophages mixed with immune strain 13 
lymphocytes stimulated only negligible DNA synthesis. By 
contrast, antigen-pulsed strain 13 macrophages activated DNA 
synthesis in immune strain 13 lymphocytes but were unable to 
induce significant DNA synthesis in immune strain 2 lympho-
cytes. Combinations of parental macrophages and (2 x 13)F, 
lymphocytes, though less efficient than the syngeneic combi-
nation (Table II!), also led to T cell activation. Mainly on the 
basis of these obseI:vations, it was proposed that Ir genes code 
for specific cellular interaction structures (Ia antigens ?) and 
that homology between these structures is necessary for effec-
tive cellular interaction (cellular interaction structure model). 
However, a second model (complex antigenic determinant 
model) also had to be envisaged. This model bases on the 
observation that mouse T cells sensitized to hapten- or virus-
modified cells are primarily cytotoxic for similarly modified 
target cells that are H-2D or H-2K compatible [32,33]. This 
model implies that T cells do not recognize antigens per se, but 
can only be sensitized to antigen-modified membrane compo-
nents or to complexes of antigen combined with certain mem-
brane molecules. Because all the prior studies had been per-
formed with T cells from immune animals, an alternative ex-
planation for the failure of allogeneic macrophage-associated 
antigen to activate immune T cells in vitro could be that the T 
cell had been primed in vivo only to antigen associated with 
syngeneic macrophages. In order to test these models, Thomas 
and Shevach [34] developed an assay for the generation of an 
in vitro primary response in which nonimmune guinea pig T 
cells could be primed in vitro and subsequently challenged with 
either syngeneic or allogeneic antigen-pulsed macrophages. Re-
sults obtained indicate that the genetic restriction of the mac-
rophage-T cell interaction is imposed by the type of macro-
phage used for initial sensitization rather than by a requi.rement 
for Ia homology between these 2 cell types; thus they favor the 
complex antigenic determinant model. 
Despite all this evidence pointing to the critical role of Ir 
gene products expressed at the level of the macrophage for the 
genetic restriction of the immune response, the exact mecha-
nisms of interaction between nominal antigen and Ia antigen in 
the macrophage and the recognition of this complex by the T 
cell still have to be clarified. 
EXPRESSION OF la ANTIGENS ON LANGERHANS 
CELLS 
Because of the critical role of macrophages and Ia antigens 
on macrophages in the initiation and genetic control of the 
immune response, it seemed reasonable to ask whether or not 
LCs also express Ia antigens. Stingl et al [35] reinvestigated this 
question in inbred strain 2 and strain 13 guinea pigs. In initial 
experiments, these investigators were able to demonstrate by 
electron microscopic criteria that guinea pig epidermal LCs are 
the only epidermal subpopulation to express Fc-IgG receptors 
and that Fc-IgG rosette formation can therefore be used as a 
marker for LCs. To detect Ia antigens and B region antigens on 
epidermal cells, they employed an indirect immunofluorescence 
procedure with fluorescein-isothiocyanate-Iabeled staphylococ-
cal protein A (FITC-SP A) as the indicator reagent. (The FITC-
SPA has a selective affinity for the Fc portion of the IgG 
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TABLE III. Genetic restriction of macrophage-lymphocyte interaction 
Type of T cell proliferative response" 
PPDb-pu!sed 
strain 2 strain 13 (2 X 13}F, 
macrophage T cells T cells T cells 
strain 2 +++ ± ++ 
strain 13 ± +++ ++ 
(2 X 13)F, ++ ++ ++ 
" Column-purified T cells from PPD-immune guinea pigs were incu-
bated with syngeneic, semisyngeneic, or allogeneic PPD-pulse-exposed 
macro phages. After a 3-day culture, T cell proliferation was assessed \ 
by determination of the increase in 3H-thymidine incorporation. 
" Purified protein derivative. 
molecule.) When strain 2 epidermal cells were exposed to an 
anti-2 serum and FITC-SP A, a distinct membrane fluorescence 
was observed on a small subpopulation of these cells, that was 
not seen when strain 2 epidermal cells were exposed to anti-13 
serum or NGPS and FITC-SPA. In reverse fashion, a small 
proportion of strain 13 epidermal cells was stained by an anti-
13 serum and FITC-SPA, but not by an anti-2 serum or NGPS. 
A small percentage of (2 X 13)F, epidermal cells reacted both 
with an anti-2 and anti-13 serum, but not with NGPS when 
subjected to the immunofluorescence procedure. In contrast, 
all epidermal cells displayed membrane fluorescence when ex- , 
posed to an anti-B.l serum and FITC-SPA, but not when 
reacted with an anti-B.3 serum and FITC-SPA. This antiserum, 
however, did react positively by immunofluorescence with all 
epidermal cells from a B.3 outbred animal; the latter results 
demonstrated that by immunofluorescence criteria all epider-
mal cells exhibited· B region antigens, a finding that was con-
firmed in a 51Cr-release cytotoxicity assay. In order to elucidate 
the nature of the epidermal cells reacting with anti-Ia antisera, 
Stingl et al combined the immunofluorescence procedure and 
the Fc-IgG rosette assay. Rosetted and fluorescent cell popu-
lations were identical (Figure), an indication that LCs-among 
guinea pig epidermal cells-are the only cell subpopulation to 
express la antigens [35]. In the human system, similar results 
were obtained by three groups working independently. Rowden, 
Lewis, and Sullivan [36] and Klareskog et al [37] produced 
rabbit heteroantisera against human B lymphoblastoid cell line 
membrane glycoproteins and HLA-D antigens, respectively, 
both of which recognize la-like specificities. Using theses anti-
Ia sera in an indirect immunofluorescence procedure on tissue 
sections of human epidermis, these authors observed a specific 
staining of suprabasal, dendritic cells, which they thought were 
LCs. Stingl et al [38] used B cell alloantisera from multiparous 
women of a highly inbred population, the Amish. These sera 
contain no detectable HLA-A, -B, or -C antibodies and react 
specifically with MHC-linked specificities on human B cells as 
determined by a cytotoxicity assay [39]. When these alloanti-
sera were used in an indirect immunofluorescence procedure 
with FITC-SP A as marker [38], they not only reacted with 
surface immunoglobulin-bearing lymphocytes (but not with T 
cells and cells from the third population), but also with epider-
mal LCs (as determined by Fc-IgG rosette formation); in con-
trast, the other epidermal cell subpopulations had no detectable 
B cell alloantigens (la-like antigens). 
LANGERHANS CELL-LYMPHOCYTE INTERACTIONS 
The immunologic membrane characteristics shared by LCs 
and macrophages recently prompted Stingl et al* to explore the 
possibility that LCs and macrophages also have similar func-
tions, i.e., that LCs can mediate the immunologic functions 
(antigen presentation and stimulation in the MLR) of la-bear-
ing macrophages. 
To determine the antigen-presenting capacity of LCs, these 
authors primed T cells from strain 2 and strain 13 guinea pigs 
• Stingl G, Katz SI, Clement L, Green I, Shevach EM, in prepw·ation. 
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Strain 2 epidermal cells were initially rosetted with EA-IgG and then 
were reacted with an anti-2 antiserum and fluorescein-isothiocyanate 
labeled staphylococcal protein A. Left: low-power view of 4 epidermal 
cells; the cell in the center exhibits Fc-IgG rosette formation; phase 
contrast microscopy (reduced from X 54). Right: the same area viewed 
by fluorescence microscopy. Membrane fluorescence is only visible on 
the single Fc-IgG rosette-forming epidermal cell in the center of the 
field (From Stingl et al [35], reproduced with permission from J 
Immunol). 
TABLE IV. Antigen'presenting capacity of Langerhans cells and its 
genetic restriction 
Type of PPDb-pulse·exposed cell 
Strain 2 macrophages 
Strain 2 LC-enriched epidermal cells 
Strain 2 LC-depleted epidermal cells 
Strain 13 macrophages. 
Strain 13 LC-enriched epidermal cells 
Strain 13 LC-depleted epidermal cells 
T cell proliferative 
responseu 
Strain 2 Strain 13 
T cells T cells 
+++ ± 
+++ ± 
± ± 
± +++ 
± +++ 
± ± 
a Column-purified T Cells from PPD-immune guinea pigs were in-
cubated with syngeneic or allogeneic, PPD-pulsed LC-enriched or LC-
depleted epidermal cells. After a 3-day culture, T cell proliferation was 
assessed by determination of the increase in 3H-thymidine incorpora-
tion. 
b Purified protein derivative. 
in vivo or in vitro to different antigens (PPD, ovalbumin, and 
trinitrobenzenesulfonate) and exposed them in a second culture 
system to syngeneic and allogeneic antigen-pulsed macro-
phages, and also to syngeneic and allogeneic antigen-pulsed LC-
enriched and LC-depleted epidermal cells prepared by separa-
tion of Fc-IgG rosetted epidermal cells on Ficoll-Hypaque den-
sity gradients. After a 3-day incubation, T cell proliferation was 
assessed by determination of the increase in DNA synth esis as 
measured by 3H-thymidine incorporation. The results (Table 
IV) demonstrated that syngeneic, but not allogeneic, antigen-
pulsed LC-enriched epidermal cells evoke a T cell proliferative 
response equal in magnitude to that seen with syngeneic, anti-
gen-pulsed macrophages. In contrast, LC-depleted, antigen-
pulsed epidermal cells induced only a minimal T cell response. 
Another functional capacity of la-bearing macrophages is thei.r 
potential to act as strong stimulating cells in the MLR [reviewed 
in 19]. In order to test whether this potential is also possessed 
by LCs, we primed column-purified T cells in vitro to allogeneic 
macro phages and exposed them in a second culture to allogeneic 
and syngeneic macro phages and allogeneic and syngeneic LC-
enriched and LC-depleted epidermal cells. Again, LC-enriched 
but not LC-depleted allogeneic epidermal cells were as effective 
as allogeneic macro phages as stimulator cells in the MLR, but 
no proliferation was seen with syngeneic combinations. The 
additional finding that both the antigen-presenting as well as 
the MLR-stimulating capacity of LC-enriched epidermal cells 
can be abrogated by pretreatment of these cells with anti-Ia 
sera and complement demonstrates that among LC-enriched 
epidermal cells, the la-bearing LCs are responsible for both 
functions. 
CONCLUSIONS 
In this report, we have reviewed the most recent findings on 
LCs obtained by our group and by other investigators dealing 
with this much debated type of cell . 
. We believe that the results represent a major achievement in 
LC research. For the first time, it is possible to ascribe, on the 
basis of solid experimental data rather than speculation, a 
specific function to these cells. The fact that LCs are the only 
cell population known so far which can replace the antigen-
presenting function of macrophages in a genetically restricted 
fashion may lead to a new understanding of immune reactions 
involving the epidermis, with particular regard to the induction 
of contact hypersensitivity reactions. Their stimulatory capac-
ity in the MLR, on the other hand, should have considerable 
clinical impact on the field of skin transplantation since it is 
conceivable that la-bearing LCs are the principal sensitizing 
factor responsible for skin graft rejection. 
We hope that the experimental data presented here will 
rekindle interest in this long-neglected cell type and will open 
up a new dimension of research into immunobiological aspects 
of the skin. 
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Announcement 
The Stanford University Department of Dermatology will offer a "Mycology Review" on November 3 
and 4, 1978, at Stanford University Medical Center. This AMA accredited cow-se is designed for residents 
in dermatology and pathology. For information contact: Paul H . Jacobs, M.D ., Department of Dermatol-
ogy, Stanford University School of Medicine, Stanford, California 94305. 
